Background
New-onset atrial fibrillation is the most common form of rhythm disturbance following heart surgery. The incidence of postoperative atrial fibrillation (POAF) in patients after coronary artery bypass grafting surgery (CABG) varies from 20% to 35% [1, 2] . POAF most commonly occurs between the second and the fourth postoperative day, and it can induce hemodynamic compromise, thromboembolic complications, increased total postoperative morbidity and mortality and prolonged hospital stay [3, 4] . Postoperative atrial fibrillation not only increases postoperative mortality [5] , but also reduces 10-year survival after surgical myocardial revascularization by 29% [6] . Therefore a large number of studies have been recently carried out to discover the risk factors responsible for its occurrence. The effects of many factors were estimated: age, sex, hypertension, diabetes, obesity, metabolic syndrome, renal failure, chronic obstructive pulmonary disease, left atrium size, left ventricular hypertrophy, markers of inflammation (leukocytosis, CRP, IL-6) and heart failure (BNP and pro-BNP), duration of the operation, number of grafts, or presence of significant left main stenosis. However, there is no agreement in the results of these investigations [7] [8] [9] .
The aim of our study was to determine which risk factors in our population were responsible for the occurrence of atrial fibrillation after coronary artery bypass grafting surgery.
Material and Methods
This study included 367 consecutive patients >18 years old without preoperative episodes of atrial fibrillation who underwent a first isolated CABG operation at one of the cardiology departments of the Clinic for Cardiology, Clinical Center of Serbia, during the period from January 1, 2006 to June 30, 2008 . The patients with earlier history of atrial fibrillation (14) , artificial valves (2), moderate or severe valvular heart disease (4), recent myocardial infarction (<1 month) (1), renal failure requiring hemodialysis (1), thyroid dysfunction (2) , previous carotid endarterectomy ( 7) , repeated myocardial revascularization (5), or simultaneous operation of heart valves (9), were excluded from the study.
Preoperative, perioperative and postoperative data were retrospectively collected for each patient and entered into a computerized database.
Patient histories were used to obtain data on previous myocardial infarction, stroke, preoperative New York Heart Association (NYHA) class, chronic obstructive pulmonary disease, chronic renal failure, smoking, cardiovascular diseases in family members, medications taken, and anthropometric measures including height and weight. Body mass index (BMI) was calculated by dividing body weight in kilograms by height in meters. Arterial pressure values were obtained by measuring average value of 2 consecutive measurements obtained by conventional sphygmomanometer. Laboratory parameters used for this purpose were levels of glucose, triglycerides, total cholesterol, HDL cholesterol, and glomerular filtration rate calculated by the modification of diet in Renal Disease formula (eGFR). White blood cells (WBC) counts were assessed within 48 hours before cardiac surgery and at least once daily thereafter for the first 4 postoperative days. Peak WBC count was defined as the highest value during the first 5 postoperative days. The upper limit of normal for WBC count was 10×10 9 /l. There were no statistically important differences between the observed groups for average NYHA heart failure class, prevalence of NYHA III-IV and congestive heart failure ( Table 1) .
Risk factors for the development of cardiovascular diseases such as higher systolic and diastolic blood pressure, BMI, blood levels of glucose, total cholesterol, and triglycerides were significantly higher in the group of patients with POAF, while HDL level was significantly lower in the same group (Table 1) . Glomerular filtration rate (eGFR) was significantly lower in the POAF group. There was no difference in preoperative WBC count between groups. Smoking was more prevalent in the POAF group, whereas mild valvular disease, family history of coronary artery disease, chronic obstructive pulmonary disease and chronic kidney failure, as well as eGFR ≤30mL/min/1.73 m 2 , were equally distributed in both groups (Table 1) . Patients who developed POAF used beta-blockers and statins preoperatively significantly less frequently. Furthermore, there were no statistical differences in the use of other preoperative medications between the groups (Table 1 ).
There were no significant differences in echocardiographically estimated left ventricular dimensions (EDD and ESD), nor in the global systolic function of the left ventricle (EF), although patients with POAF had significantly larger left atrium size and higher frequency of left ventricular segmental kinetic disturbances (Table 1) . Ejection fraction ≤35%, 3-vessel coronary artery disease, previous myocardial infarction and stroke did not cause POAF.
Postoperative data confirmed that the number of grafts and off-pump surgical treatment did not differ between the 2 observed groups. Postoperative peak of WBC count was significantly higher and leucocytosis >20×10 9 /l was more frequent in the POAF group. Hospital stay duration was significantly prolonged in the POAF group. Mortality in the first 30 days was higher in patients with atrial fibrillation, with borderline statistical significance ( Table 2) .
Univariate logistic analysis found that the patient age over 65 years, hypertension, obesity, diabetes, hypercholesterolemia, postoperative WBC >20×10 9 /l, smoking and the left ventricular segmental kinetic disturbances were risk factors for the occurrence of POAF, while NYHA heart failure III-IV, congestive heart failure, family history of cardiovascular diseases, the left atrium size, and 3-vessel coronary artery disease were not (Table 3) .
It was also found that there was a significant difference in preoperative therapy and the development of POAF (Table 3) . Thus, the preoperative use of beta blockers reduced the risk of POAF by 45%, and the use of statins decreased that risk by 43%. Use of other drugs before operation (ACE inhibitors, calcium channel antagonists, amiodarone, diuretics, and aspirin) did not decrease the occurrence of POAF.
Multivariate logistic regression identified age (over 65 years), hypertension, diabetes mellitus, obesity, hypercholesterolemia, the left ventricular segmental kinetic disturbances and postoperative WBC count >20×10 9 /l as independent risk factors for POAF occurrence (Table 4) . Smoking, family history of cardiovascular diseases and left atrial size >4 cm were not independent predictors of AF. Moreover, betablockers and statins were not identified as independent predictors in the prevention of postoperative atrial fibrillation.
discussion
Data on the occurrence of POAF are inconsistent. In most studies, POAF incidence ranges between 20% and 35% [5] [6] [7] [8] [9] . In our study, 22.4% of subjects developed atrial fibrillation after myocardial surgical revascularization.
The underlying mechanisms involved in development of postoperative atrial fibrillation are multifactorial and mostly unresolved. Some possible mechanisms are: pericardial inflammation, autonomic imbalance during the postoperative period with excessive production of catecholamines, systemic inflammatory response, and interstitial mobilization of fluid with resultant changes in volume and electrolyte imbalance.
These can result in a change of intravascular volume, pressure, neurohumoral environment, and susceptibility of the myocardium to atrial fibrillation. The same mechanisms might change the atrial refractoriness and slow atrial conduction. It seems that the multiple re-entry wavelets resulting from the dispersion of atrial refractoriness are the main electrophysiological mechanism of POAF [12] .
Despite numerous investigations [1] [2] [3] [4] [5] [6] [7] [8] [9] , the most important factors that contribute to POAF development have not yet been determined. Older age is the only concurrent risk factor of all conducted studies [1, 2, [7] [8] [9] 13, 14] . Advanced age is associated with degenerative changes such as fibrosis and dilatation, which affect the atrial electrophysiological characteristics (shortness of effective refractory period, dispersion of refractoriness and conduction, abnormal automaticity), and represent a precondition for the development of POAF. Our study also showed that being 65 years of age and older is an independent predictor of postoperative AF.
Males were significantly more likely to require surgical myocardial revascularization; however, the role of sex in the etiology of atrial fibrillation is not proven. Some studies found that male sex is an independent predictor of POAF POAF -postoperative atrial fibrillation; NYHA -New York Heart Association; eGFR -glomerular filtration rate calculated by the Modification of Diet in Renal Disease formula; CV -cardiovascular; COPD -chronic obstructive pulmonary disease; EF -ejection fraction; LA -left atrium; LVEDD -left ventricle end-diastolic dimension; LVESD -left ventricle end-systolic dimension.
development [9] , but it seems that there are many more authors who do not agree with that [3, 7, 8, 14] . In our study male sex was not found to be an independent variable in the occurrence of atrial fibrillation.
Numerous studies have shown that hypertension increased the risk of POAF [1, 4, 12, 15] , but there are authors who disagree [7, 16] . The results of our study showed that hypertension was an independent predictor, one of the most important, for the development of POAF in our population. Basically, arterial hypertension causes POAF due to mechanical and electrical remodeling of the left atrium, primarily because of diastolic dysfunction and left ventricular hypertrophy [17] .
It is known that diabetes mellitus type 2, commonly found in patients who require surgical revascularization of the myocardium, is characterized by insulin resistance, increased oxidative stress, elevated levels of free fatty acids and chronic inflammation. All of these metabolic disorders can lead to left ventricular hypertrophy, impairment of its function and ischemic disease, which can cause structural and electrophysiological changes in the left atrium, and new onset of atrial fibrillation [18] . Results from the literature are controversial, as some authors have shown that diabetes increases the risk of POAF [19, 20] , while others disagree [8] .
In our group of patients, presence of diabetes contributed to POAF even more than did hypertension.
Obesity may induce atrial fibrillation in many ways. was shown in the Framingham Study [21] . Postoperative volume overload additionally increases heart pressure, induces left atrial enlargement and finally leads to POAF, which has been confirmed in a number of recent studies [22, 23] . Our results showed that obesity was very common (about 36%) among the patients who were related to surgical myocardial revascularization. Multivariate logistic regression analysis confirmed that obesity increased the risk of POAF.
Analysis of our investigation's results showed that hypercholesterolemia and smoking were associated with POAF. Hypercholesterolemia was even an independent predictor of atrial fibrillation, which might occur due to oxidative stress and proinflammatory properties.
There was no difference in left ventricular dimensions and function between these 2 groups of patients. Univariate analysis showed that left atrium size and presence of left ventricular segmental kinetic disturbances were predictors for POAF. However, multivariate analysis revealed that only segmental kinetic disturbances represented an independent predictor. This could be explained by increased arithmogenic potential in atherosclerotic coronary artery disease, which is certainly present in patients who underwent coronary artery bypass grafting surgery. On the other hand, the POAF group did not have higher prevalence of 3-vessel coronary artery disease, as we expected, due to the increased percentage of segmental kinetic disturbances in this group. The localization of the affected left ventricular segments is not known, but it is quite possible that the location most involved was the left ventricular inferior wall, which is derived from the right coronary artery (RCA), and it is known that atherosclerotic disease of RCA is associated with increased risk of POAF [20, 24] .
Despite many clinical trials dealing with the prevention of POAF and improvements in surgical techniques, questions about the optimal preventive medications for POAF still prevail. Because of its effects on the sympathetic nervous system, which is one of the main factors responsible for POAF, it is understandable that beta blockers are the most studied and used drugs. Based on a meta-analysis that included 4074 patients from 28 different studies, Crystal et al. concluded that the use of beta blockers reduced the incidence POAF by 65% [25] . Burgess et al. in another meta-analysis showed that the preoperative discontinuation of beta blockers was a stronger predictor of postoperative atrial fibrillations than when these drugs were not used [26] . Although it is recommended that before surgery all patients have beta blockers in therapy, if they are not contraindicated, it is quite different in practice. In our study, beta blockers were used by only slightly more than half of the patients (55%), and the univariate logistic regression revealed that they reduced the risk of POAF by 45%. However, in our study this group of drugs was not proven to be an independent predictor of postoperative atrial fibrillation protection.
There is no consensus about the use of statins before cardiosurgical intervention. Statins are believed to have anti-inflammatory and antisympathetic properties that contribute to a decrease in atrial fibrillation [27] . The results of the most recent studies are opposite. Liakopoulus et al., in a metaanalysis that included 17,643 postoperative patients, found that statins significantly reduced the risk of POAF [28] , while Miceli et al. revealed that statins increased risk of postoperative atrial fibrillation in patients with surgical myocardial revascularization [29] . In our study statins were proven to be effective in the prevention of POAF, with a 43% risk reduction, although they were not an independent predictor in the prevention of atrial fibrillation. One of the possible reasons for this finding is the fact that the cholesterol level in patients with POAF was significantly higher than normal, which implied that statins were not sufficiently prescribed or were subdosed in patients with coronary artery disease. The role of ACE inhibitors in POAF prevention is far more controversial than the use of beta blockers. The hypothesis of their preventive effect on atrial fibrillation onset is explained by afterload reduction, which prevents left atrial stretching and remodeling [30] . Due to frequent occurrence of hypertension in our study, a high percentage of patients (about 61%) used ACE inhibitors, but there was no significant correlation between the use of ACE inhibitors and the absence of POAF.
Postoperative data revealed that the number of grafts did not have an influence on POAF development. The off-pump surgical treatment in our study did not significantly change POAF prevalence. Some authors have obtained the same result [6] , however there are also authors who disagreed [31, 32] . Although use of the off-pump CABG technique has declined, the incidence of POAF remains controversial, despite the fact that it is a less invasive approach associated with a less marked perioperative inflammatory response [33] .
Our study also revealed that high postoperative WBC count (>20×10 9 /l) was an independent predictor of POAF development. This strongly supports the association between the inflammatory response and postoperative AF [34] . The occurrence of AF alone and AF after cardiac surgery is closely followed by oxidative stress, the activation of the complement system (C3 and C4), release of acute-phase protein CRP, proinflammatory cytokines (interleukin 6) and inflammatory mediators, including tumor necrosis factor-a [35, 36] .
The mortality rate in the first 30 days was higher in patients with atrial fibrillation. POAF also significantly prolonged hospital stay duration. Similar results were obtained in other studies [16] .
Our investigation has several limitations. Small sample size and lack of randomization are the main limitations. Atrial fibrillation was diagnosed by electrocardiographic monitoring only in the first 48-72 h after the operation. Furthermore, it is well-known that POAF can develop in the first 4 days, therefore it is possible that we underestimated the incidence of POAF, although our results agree with those from the literature.
Further studies with increased number of patients will provide the design of certain algorithms for detection of patients who are at risk of postoperative atrial fibrillation in our population. Based on results of these studies we could develop adequate guidelines for patients who required surgical myocardial revascularization and effective preventive therapy for POAF.
conclusions
Atrial fibrillation is the most common rhythm disorder after surgical revascularization of the heart, which significantly complicates the postoperative course and increases morbidity and mortality. There is no agreement on particular risk factors for POAF occurrence. In our investigation, independent predictors of postoperative atrial fibrillation were patient age (65 years of age and older), hypertension, diabetes, obesity, hypercholesterolemia, left ventricular segmental kinetic disturbances and postoperative leukocytosis (WBC count >20×10 9 /l). Beta blockers, ACE inhibitors, calcium channel inhibitors, amiodarone, diuretics and statins were not proven to be independent factors in reducing POAF incidence or congestive heart failure. This study has shown that there are new risk factors of POAF that require our attention: preoperative hypercholesterolemia and the left ventricular segmental kinetic disturbances, as well as postoperative leukocytosis. These factors imply that metabolic, inflammatory and ischemic lesions of the heart have synergistic effects in POAF appearance. Intensive prophylactic measures, including pharmacologic strategies of reduction of glucose and cholesterol levels, decrease of postoperative WBC count and maintenance of normal body weight and blood pressure will result in reduction of the postoperative AF incidence. This research has shown that many risk factors of POAF could be modified, which would significantly decrease the incidence of POAF.
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